Since the pioneering studies of Ishikawa et al. (11, 12) , it has been recognized that the filaments present in the cytoplasm of nonmuscle cells are of more than one type. On the basis of their diameter (5-7 nm) and their ability to bind heavy meromyosin (HMM) to give a characteristic arrowhead pattern, all of the cortical filaments and a few subcortical ones appear to be primarily F-actin. These actin-containing filaments are generally referred to as "thin" filaments, by analogy to skeletal muscle (9) . In contrast, the predominating filaments of the subcortical cytoplasm have a greater diameter (8-12 nm) (11) and do not label with HMM (12) . They are referred to as "intermediate" or "100-~" filaments (11, 12) . These findings, which are consistent with the results of recent antibody-and HMM-fluorescence studies (15, 18, 20, 22) , have been confirmed by numerous other investigators (7, 21) . ~ Accordingly, there is now widespread acceptance of the view that F-actin is present in the thin filaments of nonmuscle cells but not in any intermediate-sized filaments.
We were prompted to question whether F-actin might lie hidden with some intermediate filaments of cultured connective tissue cells of the "fibroblast" type, for two reasons. First, as seen in the subcortical cytoplasm of critical-point-dried (5), sectioned (2) , and negatively stained cells (see below), intermediate and thin filaments are coni In a study of the pigment epithelial cells of the primate retina, Burnside and Laties (6) have reported that within certain specialized cellular extensions there are orderly arrays of 100-/~ filaments which will bind myosin subfragment $1. Although not directly relevant to the problem we are concerned with, i.e., the nature of the intermediate filaments of the subcortical cytoplasm, this finding is of interest in showing that, in at least one type of nonmuscle cell, the distribution of F-actin is not limited to filaments of the "thin" variety. nected in the form of a three-dimensional network in which the thin filaments arise as low-angle divergent branches from "parent" intermediatesized filaments. Secondly, tiny structures which may represent cytoplasmic myosin are, in the nonmyosin-extracted cell, attached not only to thin filaments but also to intermediate ones (5) .
As one approach to the question of whether or not some intermediate filaments contain F-actin, we reinvestigated the binding of HMM within glycerinated cultured connective tissue ceils by varying the conditions of treatment before the application of HMM. Believing that nonbinding of HMM to some cytoplasmic filaments could be due to blocking effects of accessory proteins (26) , and knowing of the relative resistance of actin to trypsin (27) , we have been able to modify the HMM binding patterns by mild trypsin pretreatment. Our results indicate that in cultured chick embryo connective tissue cells which have been glycerinated, myosin-extracted, and mildly trypsinized, virtually all residual filaments, including those of intermediate size, contain F-actin.
MATERIALS AND METHODS

Cell Cultures
10-day chick embryo cells of connective tissue type were cultured on Formvar/carbon-coated cover glasses in Rose culture chambers as described previously (5).
Glycerination
Three variant glycerol solutions were used. These were made by adding 1 vol of glycerol to 1 vol of salt solution. The salt solutions used were (a) Huxley's (9) standard salt solution (SSS): 0.1 M KCI, 1 mM MgCl~, 6.7 mM K phosphate buffer, pH 7.0, at 4~ (b) a variant salt solution (VSS) with a phosphate-free buffer: 0.1 M KCI, 5 mM MgCI2, 10 mM imidazole-HCl, pH 7.0, at 4~ and (c) a modification of VSS to act as a myosin-extracting solution: 0.1 M KC1, 5 mM MgCl2, 4 mM ethylene glycol-bis(fl-aminoethyl ether)N,N'-tetraacetic acid (EGTA), 1 mM dithioerythritol, 8 mM Na4P2OT, 10 mM imidazole-HCl, pH 7.0, at 40C. Before use, the tissue culture medium was aspirated from the culture chamber, and the glycerol solution, precooled to 4~ was injected to fill the chamber cavity, Chambers were then stored at 4~ for at least 24 h before subsequent procedures.
Trypsinization of Glycerinated Cells
Trypsin (Worthington Biochemical Corp., Freehold, N. J.; TPCK [L-(1-tosylamido-2-phenyl)ethyl chloromethyl ketone], 253 U/rag) was used at 5 /~g/ml made up in 50% glycerol/50% VSS. The original glycerol solution in the culture chamber was aspirated and replaced with the trypsin-containing solution. This was allowed to stand for 1-3 h at 20"C. Higher concentrations of trypsin or significantly longer times (e.g., > 5 h) resulted in destruction of F-actin and failure to bind HMM.
Proteins
HMM was prepared according to Lowey et al. (17) and stored as a stock solution at a concentration of ~3 mg/ml at -20~ in 50% glycerol, 30 mM KC1, 10 mM Tris-HCl, pH 6.5. Rabbit skeletal muscle actin was prepared according to Kendrick-Jones et al. (13) .
HMM Labeling
The same batch of HMM was used in all experiments. Before labeling, the culture chamber was disassembled and the cover glass with attached cells was washed in small Petri dishes, using three to four changes of VSS at 40C. To ensure adequate washing (especially for the removal of unwanted pyrophosphate or trypsin), the cells were left in the final Petri dish for 1 h. For HMM labeling, the above solution was drained off the cover glass and several drops of the stock HMM solution were applied directly to the cells. The treated cells were then stored at 4~ within a covered Petri dish (to prevent drying) for 12 h. At the end of this period, the ceils were washed for 10-15 rain in several changes of cold VSS to remove glycerol and excess HMM. To establish the specificity of the HMM labeling, the HMM treatment step was also carried out in the presence of 4 mM sodium pyrophosphate (9); this always completely inhibited binding.
Electron Microscope Procedures
Treated cells were fixed by placing the cover glass with attached cells in 0.8% glutaraldehyde in VSS for 15 rain at room temperature. The cover glass was then transferred to a Petri dish of distilled water and, with fine forceps, small areas of Forravar/carbon were separated and allowed to reach the water surface (cell side down) where they spread out flat. EM grids were applied to these and separated as described previously (4). Negative staining was done with 2% aqueous uranyl acetate. Excess stain was only partially removed with filter paper before rapidly drying in the hot airstream of a hair dryer. Preparations were examined at 80 kV with a Philips EM 301 microscope fitted with a 70-/zm objective aperture.
RESULTS
Non-Trypsin-Treated Cells
APPEARANCE OF FILAMENTS:
The arrangement of filaments in whole glycerinated, myosin-extracted cultured cells which have been negatively stained ( Fig. 1) can be related readily to that found in sectioned and critical-point-dried cells (1) (2) (3) (4) . Within the veil-like extensions of the cell margin, thin ( -5 -7 -n m diam) filaments are either diversely oriented or collected into narrow bundles. Deep to the veils, thin filaments are gathered into long bundles or sheet-like arrays (3). Occupying the deeper (i.e., subcortical) cytoplasm there are looser arrays of filaments which are more randomly disposed. In stereoscopic views of critical-point-dried cells, these subcortical filaments form a wide-mesh branching network which cross-links the dorsal and ventral cortical filament arrays (5) . In negatively stained preparations, the cross-linking subcortical filaments appear to run between and through the elongate bundles and sheets of thin filaments in a characteristic meandering way (Fig. 1) . These subcortical filaments vary considerably in width but the great majority are "intermediate" in size (i.e., 8-12-nm diam) (11) . Many subcortical filaments appear to undergo branching, intermediate-sized filaments sometimes giving rise to thin ones (Fig.  1) . Unequivocal evidence of this branching comes from viewing stereoscopic pairs of critical-pointdried or sectioned cells (2, 5) and, despite their greater flatness, a similar impression of such branching is gained by examining stereoscopic pairs of negatively stained cells.
H M M
LABELING: Included here are cells which were glycerinated in the presence of the myosin-extracting solution as well as those glycerinated only with SSS. Because the findings were unaffected by prior myosin extraction, the two are described together. Inasmuch as the negatively stained whole mounts were easy to prepare, it was possible to survey large numbers of cells with comparative ease and rapidity. From the outset, we noted some variability in the HMM binding patterns. Although nearly all cells showed HMM binding, arrowhead formations were sometimes Fmu~ 1 Portion of whole cultured cell which was glycerol/myosin-extracted, glutaraldehyde-fixed, and negatively stained. Toward the cell margin, subplasmalemmal cytoplasm (SP) shows only thin filaments. Elsewhere, subcortical filaments, which are mostly intermediate in size, are seen superimposed on bundles of thin cortical filaments. Intermediate filaments often branch, and in some instances, these branches appear as thin filaments (arrowheads). Bar, 0.25/zm. x 52,000. irregular and indistinct. Rarely (<1%), individual cells showed no binding. In cells which exhibited binding, by far the commonest finding was that the thin filaments in bundles showed arrowhead formations whereas the intervening intermediate filaments did not (12, 21) . However, in some cells, while most thin filaments showed HMM binding, some did not, and whereas most intermediate filaments failed to bind HMM, a few did (Fig. 2) .
Trypsin-Treated Cells
Because of reports that intermediate filaments disappear altogether from some types of cell treated with proteolytic enzymes (24) , it was important to establish, as a control, whether the gentle trypsin treatment we employed eliminated these filaments from the glycerinated cells. Depicting the edge of a trypsin-treated cell, Fig. 3 shows characteristic intermediate filaments coursing between bundles of thin filaments, as seen in nontrypsinized cells. Such images suggested that our trypsin treatment had not greatly altered the intermediate filament population. However, to investigate in more detail possible effects of the trypsinization on intermediate filaments, we compared the diameter distribution of subcortical filaments from a group of glycerol/myosin-extracted cells with that from a group of cells that had received the additional trypsin treatment. Three observers measured 20 filaments from each of 10 prints (made at final magnifications of 100,000) from each group. To eliminate subjective bias, the identity of each micrograph was withheld from the observer, and filaments for measurement were selected by dropping a template randomly onto each print. The histograms obtained are shown in Fig. 4 . Statistical analysis indicated that these histograms were different (P < 0.01, X 2 test) and that the trypsin had reduced the mean filament diameter by ~7 % . However, the overall distribuFmu~ 2 Portion of a glycerinated cultured cell, labeled with HMM. Although not always distinct, the thin filaments in bundles show HMM labeling. A few thin filaments outside bundles are not labeled (arrowheads). Nearly all intermediate filaments are unlabeled but occasional ones show an arrowhead pattern (arrows). Bar, 0.25 t~m. x 68,000.
FIGure/ 3 Margin of a glycerinated cell which was treated with 5/~g/ml of trypsin for 1 h before fLxation and negative staining. In the cytoplasm between bundles of thin filaments there are numerous, diversely oriented filaments of various widths, most of which are intermediate in size (cf. Fig. 1) . Bar, 0.25/~m. x 52,000. tion was very different from that obtained from actin alone (P < 0.001, X ~ test). Accordingly, these results showed that although the intermediate filaments had been altered by the trypsin treatment, they had not been eliminated.
One can estimate the relative proportion of thin and intermediate filaments present in each group by treating each histogram as a sum of two normal distributions, due to the thin and intermediate filaments, respectively. By fitting this model to the histograms by a nonlinear least squares method, we estimated that the intermediate filaments comprised 74% (-+7%) in trypsinized cells and 79% (-+7%) in the control group. Although we caution that these estimates may be subject to uncertainty associated with the modeling procedure, they do offer a further indication that the proportion of intermediate filaments had not changed radically as a result of trypsin treatment. Because we examined whole cells and therefore included a proportion of thin cortical filaments in our counts (cf. reference 11), we have a relatively high proportion of thin filaments in both trypsinand non-trypsin-treated groups (cf. reference 11).
H M M L A B E L I N G :
Trypsin treatment before HMM labeling had a dramatic effect: virtually all filaments in all cells exhibited distinct labeling. Besides the subplasmalemmal filaments and the parallel filaments lying in bundles and sheets, the more diversely oriented filaments of the subcortical cytoplasm showed clear arrowhead patterns. As seen in Fig. 5 , these meandering HMM-labeled filaments vary considerably in diameter, some appearing twice the width of those in the bundles. The distinctness of the binding in thin negatively stained preparations is illustrated in Fig. 6 . Where wide-caliber HMM-decorated filaments split to form two branches, both are clearly labeled with HMM (Fig. 6) .
To obtain a more quantitative appreciation of the increase in HMM labeling brought about by the trypsin treatment, we used a protocol similar to that employed to investigate changes in filament diameter. Using a sampling template, 20 filaments were selected from each of 10 micrographs taken from trypsin-treated and non-trypsin-treated groups of cells. Filaments were categorized according to whether or not they bound HMM. In the control (untrypsinized) cells, 113 filaments were HMM-labeled and 87 unlabeled. By contrast, in the trypsin-treated cells, 195 filaments labeled and only five did not. This difference is significant at the 0.01% level (X z test).
DISCUSSION
Our major finding is that in glycerinated, myosinextracted cultured chick embryo connective tissue cells of the fibroblast type, mild trypsin treatment (which causes relatively minor changes in the intermediate filament population) allows virtually all residual filaments to label with HMM. This finding indicates that not only thin filaments, but also most intermediate filaments of these cells contain F-actin. This conclusion differs from that of Ishikawa et al. (12) and many others (21) , but it should be stressed that our results were obtained under significantly different conditions. When we carried out the HMM labeling procedure on cells which had been glycerinated in the presence of either a standard salt solution (9) or a myosinextracting solution (5), our results were essentially similar to those of others. It was only when the HMM labeling procedure was preceded by mild trypsinization that the labeling pattern was strikingly different. A likely interpretation of this finding is that trypsin degrades various accessory proteins which normally block the binding of HMM to underlying actin filaments. Once these accessory proteins are removed, the underlying F-actin can bind HMM and form characteristic arrowhead complexes. Implicit in this interpretation is that many intermediate filaments of cultured fibroblasts contain an actin core, perhaps in the form of multiple (-two to five) strands of F-actin. Multistrandedness is suggested by the variable widths of intermediate filaments (11) and by the branching of thin filaments from intermediate filaments, especially when both show characteristic arrowhead labeling patterns with HMM (cf. Fig. 5 ).
We have been encouraged in the above interpretation of how trypsin might promote the HMM labeling of underlying actin (through the removal of trypsin-labile blocking proteins) by Tilney's (26) studies on the acrosomal process of Limulus sperm, as these studies have shown that a specific accessory protein associated with F-actin can have such an HMM blocking effect. These studies are of additional possible relevance because the molecular weight of the HMM blocking protein in Limulus (55,000) is identical or close to that of certain proteins characteristic of the intermediatesized filaments of some types of vertebrate cell (25) . It may be significant that, in many attempts to isolate these vertebrate cell intermediate filament proteins in pure form, sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoretic analyses have shown the co-purification of actin (e.g., references 16, 25) . If we think of the specific intermediate filament proteins as accessory proteins which are normally associated with underlying strands of F-actin, then such findings are readily reconciled with our own. However, in some studies, polyacrylamide gel analyses of proteins from intermediate filament extracts of neurones (14, 23) and smooth muscle cells (24) show Our observation that, in glycerinated cells which have not been trypsin-treated, HMM labeling gives less distinct arrowhead patterns which are inconstant in their distribution and that, in rare instances, a cell shows no labeling, requires some comment. As we used the same batch of HMM and followed the same labeling procedure throughout all our experiments, we cannot ascribe the indistinctness and variability in the distribution of labeling to any lack in actin-binding activity of our HMM. This conclusion is supported by the observation that every time we carried out HMM binding on cells which had received prior trypsin treatment, the arrowhead configurations were always distinct and quite constant in their distribution. The finding that the HMM-labeled filaments of cultured fibroblasts which have only been glycerinated are often indistinct and "fuzzy" in appearance is not new (8) . Previously, as such cells have been fixed, embedded, and sectioned, this fuzziness has been attributed to a combination of the processing involved and the tilting of the filaments within the section (21). However, because distinct arrowhead patterns have been depicted in sectioned material (12), we think it more likely that this indistinctness of the arrowhead pattern reflects an interference with HMM binding by trypsin-labile blocking proteins which, to a variable extent, affect all the filaments in these glycerinated cells. Although this interference is usually minimal in the case of the thin filaments, it may be sufficient to produce fuzzy or otherwise atypical decorated filaments (8, 21) . It has been our experience with negatively stained whole cell mounts (which can be rapidly surveyed in large numbers) that, although nearly all intermediate filaments remain unlabeled, occasional ones show recognizable HMM binding. Had such material been embedded and sectioned, it seems likely either that such filaments would not be recognized as HMM-labeled or that, if recognized as labeled, they could be interpreted as labeled thin filaments.
If the mechanical force for organelle movements is based on an actomyosin system, then a core of F-actin within certain intermediate filaments could be functionally meaningful (2, 9, 10, 21) . This is because organelles reside and move within the subcortical cytoplasm, the filaments of which are nearly all intermediate in size (11) . Indeed, the constant association between organelles and intermediate filaments has led to the view (25) that intermediate filaments must in some way be responsible for organelle movements. If many intermediate filaments contain Factin, this could provide one component of a shear-force-generating system for organeUe movement. Another way in which actin within intermediate filaments might be functionally meaningfill is in the maintenance of cell shape. Although it has long been recognized that much filamentous actin occurs in the cell cortex (7, 12, 21) , it has been assumed that relatively little exist in the deeper cytoplasm. Our results, indicating a core of F-actin within many subcortical intermediate filaments, support the view (19, 20) that there may exist, throughout the cytoplasm of some cells, a supporting actin-based network which is important for cell shape determination.
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